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EXHIBIT B 



Preparation of PEG-2 Lysine by an Alternative Route and 
Purification of the Crude Mixture by Recrystallization 
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Experiment 2. 

I. Purpose : To examine the effectiveness of recrystallization in removing polymeric 
impurities arising during the synthesis of a branched PEG polymer, mPEG- 
disubstituted lysine, "mPEG-2-LYS", was prepared in accordance with the teachings 
set forth in the instant patent application, U.S. Serial No. 10/119,546. 

II. Materials : The materials used in the synthesis of mPEG-disubstituted lysine, MW 
40,000 daltons (20 kD for each polymer arm) can be found in Batch Record # 
PEG2NHS40KP-028 . 

III. Synthesis Method: Preparation of Crude mPEG-2-LYS . 



Purified water (13,000 mL) was added to a cylindrical reactor with stirring, followed 
by addition of 81 g of boric acid. The pH of the resulting solution was adjusted to 
approximately 8 by addition of a 200 mL of a 1.0 N solution of sodium hydroxide. 
To this solution was added a solution of lysine monohydrochloride (10.1 g) in water 
(50 mL). Methoxy-PEG-Succinimidyl Carbonate, 20 kD (mPEG-SC), 2469 g, was 
then quickly added to the solution of lysine monohydrochloride, followed by 
dropwise addition of a 1.0 N sodium hydroxide solution to maintain the pH at 
approximately 8. The resulting solution was then stirred for 2.5 hours at 19-30° while 
maintaining the pH at approximately 8. The pH of the aqueous reaction mixture was 
then adjusted to approximately 3.0 by addition of acid. 

220 mL of the above crude reaction mixture were then withdrawn for further 
purification. To this reaction mixture was added 30 g of sodium chloride, followed 
by extraction of the aqueous solution with dichloromethane (two extractions were 
performed, each with 200 mL solvent). The organic extracts were then combined and 
dried over approximately 80 g of anhydrous sodium sulfate. The organic mixture was 
stirred for approximately 1 hour, and the solvent removed by rotary evaporation to 
yield a viscous syrup referred to herein as crude mPEG-2-LYS. 
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From this viscous syrup was withdrawn approximately 3 g of material, which was 
then further dried overnight under high vacuum to provide dried, recovered crude 
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mPEG-2-LYS (1.8 g) for use as a control for further comparison, referred to herein as 
"Sample 1". 

IV. Purification Method(s). 

Crude mPEG-2-LYS as described above was then submitted to two different methods 
of purification and subsequent analyses. In the first method, crude mPEG-2-LYS was 
purified by recrystallization, the method of purification described in U.S. Patent No. 
5,643,575. In the second method, crude mPEG-2 LYS was purified by ion exchange 
chromatography. 

A. Recrystallization . Isopropyl alcohol (200 mL) was added to the crude mPEG- 
2-LYS. The resulting mixture was then warmed to approximately 60°C in a hot water 
bath until all of the solids dissolved. The solution was then slowly cooled to room 
temperature, during which time a white precipitate formed. The solids were 
recovered by filtration, followed by washing with 100 mL of isopropyl alcohol 
followed by 50 mL of diethyl ether. The recrystallized product was then dried under 
high vacuum (2.2 g, Sample 2). 

B. Chromatography . Crude mPEG-2-LYS was purified by ion exchange 
chromatography using a DEAE-sepharose column essentially following the procedure 
provided on page 27 of the Applicants patent application, U.S. Serial No. 

10/1 19,546. This chromatographically-purified sample is referred to herein as 
Sample 3. 

V. Results: 

The above samples were analyzed by two different gel permeation chromatography 
(GPC) methods to evaluate the purity of the isolated, purified mPEG-2-LYS products. 

A. Analysis . 

GPC Method 1 employed an Ultrahydrogel column and sodium phosphate buffer as the 
mobile phase; GPC Method 2 employed a Mixed-D column and dimethylformamide as 
the mobile phase. Details of the GPC parameters employed for the two different 
analytical methods were as follows. 



Table 1. GPC Method 1 - Operating Parameters and Elution Times 



HPLC SYSTEM 


HP 1100 w/ HP 1047A RI Detector 


GPC COLUMN 


Ultrahydrogel 250™, Waters 


MOBILE PHASE 


5 mM sodium phosphate buffer, pH 7.2 


SAMPLE CONCENTRATION 


20 mg/1 mL 5 mM phosphate buffer 


INJECTION VOLUME 


5 microliters 


COLUMN CHAMBER TEMPERATURE 


75° C 1 


FLOW RATE 


0.5 mL/minute 


PEAKl: PEG-2-LYS, PEG-3 


elution time: 12.5 minutes 


Peak 2: mpeg,20K andmpegI-lys 


elution time: 13.6 minutes 



Structures corresponding to various PEGs referred to herein are provided in Table 5. 
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Table 2. GPC Method 2 • Operating Parameters and Elution Times 





Wafprc ^v<:tpm 7600 with an Rf Df»rprtnr 
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GPC COLUMN 


Mixed-D columns, dual, in series, Polymer 
Laboratories 


MOBILE PHASE 


anhydrous N,N-dimethylformamide (DMF) 


SAMPLE CONCENTRATION 


10 mg/2 mL anhydrous DMF 


INJECTION VOLUME 


30 microliters 


COLUMN CHAMBER TEMPERATURE 


70° C 


FLOW RATE 


0.5 mL/minute 


PEAK 1: PEG-3 


15.2 minutes 


PEAK 2: PEG-2-LYS 


17.1 minutes 


PEAK 3: MPEG, 20 K ANDPEG-1-LYS 


23.7 minutes 



Samples Analyzed: The following samples were analyzed. 



Table 3. 



Sample LD. 


Identity 


Sample 1 


Control: Crude mPEG-2-LYS 
prior to purification by any method 


Sample 2 


Recrystallized mPEG-2-LYS 


Sample 3 


Chromatographed mPEG-2-LYS 


Sample 4 


mPEG, 20 kD (used in prep of mPEG-2-LYS) 



B. Analytical Results. 

Table 4. Summary of Results 

Each column below summarizes the relative amount of PEG compound identified in column one, as a 
percent of total, detected in the sample by each of the 2 methods employed. Specifically, shown in each 
column is the amount of PEG compound detected by GPC Method 1/amount of PEG compound detected 
by GPC Method 2. 



Peak Identity 


Sample 1 


SAMPLE 2 


SAMPLE 3 




GPC1*/GPC2 


GPC1*/GPC2 


GPC1*/GPC2 


mPEG-2-LYS 


79.5%/ 65.3% 


79.8%/ 67.4% 


100%/ 100% 


mPEG, mPEG-l-LYS 


20.5%/ 23.7% 


20.2%/ 20.2% 


0%/0% 


PEG-3 


0%/12.3% 


0%/12.4% 


0%/0% 



♦Using GPC Method i, PEG 3 is inseparable from the product, mPEG-2 LYS, and falls under the reported 
mPEG-2-LYS peak. Separation/detection of PEG-3 is achieved, however, using GPC Method 2. 
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Table 5. Relevant Structures. 
Abbreviation 

mPEG 



Structure 

CH 3 0-(CH 2 CH 2 0) n -H 



Lysine (LYS) 
PEG-1-LYS 



PEG3 



H 2 N(CH 2 ) 4 CH(NH 2 )C0 2 H 
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VL Conclusion : 

The analytical results for Sample 2, recrystallized mPEG-2-LYS, demonstrate that the 
material, Sample 1. Specifically, sample 2 contains approximately 20% combined 
mPEG and mPEG-l-LYS and 12% PEG-3; in total, Sample 2 contains approximately 
30% polymeric impurities. Recrystallization of crude PEG-2-LYS resulted in 
essentially no improvement in purity and is an ineffective method for removing 
polymer impurities resulting from the preparation of branched polymers such as 
mPEG-2-LYS. 

Purification of crude mPEG-2-LYS by ion exchange chromatography, Sample 3, 
provides a purified branched polymer product that lacks detectable quantities of 
polymeric impurities such as mPEG, mPEG-l-LYS, and PEG-3, as assessed by GPC 



VII. FIGURE LEGEND. 

FIG. 1. GPC Method 1. Trace of Sample 1. 
FIG. 2. GPC Method 1. Trace of Sample 2. 
FIG. 3. GPC Method 1. Trace of Sample 3. 
FIG. 4. GPC Method 2. Trace of Sample 1 . 
FIG. 5. GPC Method 2. Trace of Sample 2. 
FIG. 6. GPC Method 2. Trace of Sample 3. 
FIG. 7. GPC Method 2. Trace of Sample 4. 
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FIG.1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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